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Inveatigating  the  Stability  of  a  Ribbed  Cylindrical  Shell 
during  Longitudinal  Ccmpresslon  ^ 

by 

I*Ya.Ainlro  (KIct) 

In  contrast  to  a  i.Ajority  of  known  investigations  in  this  report  the  critical  stresses 
for  a  ribbed  cylindrical  shell  are  designated  with  consideration  of  discrete  arrange-^ 
ment  of  reinforcing  ribs.  This  offers  the  possibility  of  examining  also  such  types 
of  stability  losses,  at  which  the  ribs  only  bend  or  are  only  twisted  and  which  can¬ 
not  be  investigated  when  —  bringing  the  pixsblam  down  to  the  calculation  of  a  struc-* 
turally-orthotropio  shell. 


^ - - 


The  problem  of/ 


SSL  ) 

•  the  critical  longitudinaTtra^  ses  is  solved  approxima¬ 


tely  by  an  energy  method.  It  is  considered  here,  that  for  cylindrical  shells,  rein¬ 


forced  by  ribs, the  critical  stresses  of  total  loss  in  stabil 


billt}^an 


be  designated  from 


the  viewpoint  of  small  deformations. 


1.  Let  us  discuss  a  ribbed  closed  cylindrical  shell,  which  hus  along  the  butt-ends 
rigid  diaphragaa,  We  will  designate  the  value  of  uniform  distribution  of  longitudinal 


compressivo  stressee  p,  at  which  the  shell  under  question  may  loose  its  stability, 

A  ribbed  shell  (drawing)  consists  of  shell  proper  (wallc)  and  reinforcing  ribs 

IJ^eport  read  on  January  26,  i960  at  the  All  Union  Conferenca  on  'Iheoretical  and 
Aipliod  hicchanios. 
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(atrin^rs  and  bulkhoeds).  lb  examine  the  wall  we  utilize  the  technical  theory  of 
thin  shell8(l3*  problem  of  investigating  the  perfortaataoe  of  a  cylindrical  shall 
can  be  reduced  to  finding  two  functionat  buckling  «  and  function  of  stresses^.  In 
conformity  with  the  number  of  unknown  conpononts  the  method  leads  to  two  differential 
aquations  which  bind  thasa  functions  togathar*  ''O  will  conflxie  oursclvas  to  the  being 
satisfied  with  only  one  of  these  equations,  with  the  equations  of  deformation  cotdpt.ti*- 

.  a  =  (I) 

dx^  ^  ^  dx*  dy*  dy*  r  dx*  ' 

and  instead  of  the  equilibrium  equation  we  utilize  the  minimum  conditions  of  the  po> 
tential  energy  of  the  system  under  consideration, 

2,  Hie  potential  enei’gj'  of  the  system  is  designated  as  a  function,v/hich  is  car¬ 
ried  out  by  inner  and  outer  forces  when  trr:nsfori:ilng  the  o:  stem  from  the  deformed 
state  at  the  beginning,  to  nondeformed  stnte. 

The  I'otential  energy  of  Internal  forces  consists  of  potential  enerry  of  the  very 
shell  Uq,  potential  energy  of  stringers  Ug  uid  potential  energy  of  bulkheads  U^, 
Assuming  that  the  jointing  of  ribs  \;ith  shell  assures  uniformity  of  rib  deformation 
corresponding  to  the  deformations  of  the  shell,  wc  findi 


•  0 

1 2nr  • 

0  0 

*,  2nr 

-u  J  l  2'  (dy»  r  )  +  T  [dxdy]  2E  (dx*  ' dy* 

f-\0 

In  firmulas  (2)  -  (i^)  arn  (lori-nated»  D^cplindrical  rigidity  on  r.hc  shell, .i,K, 
and  F-rigidity  of  the  ntrijiger  inring  bending  and  torsion  and  the  area  of  its  later 
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al  cross  section)  Vc  -  nmber  of  stringers)  and  -  corresponding  values  for 

bulkheads* 

The  potential  energy  of  external  forces  consists  of  the  v;ork  of  longitudinal  for¬ 
ces,  wliich  act  against  the  shell,  and  the  work  of  longitudinal  forces  which  affect 


the  stringers  I 


I  3711* 


3.  "Ihe  expression  frr  the  bending  of  the  shell*  which  lost  rtabillty,  is  accepted 


in  forn  of: 


.  _  c,  ■!„  «»  «  +  C.  -=2^- an  . 


Tile  first  itcc;  covrc.''pcnds  to  sjTiiaotricnl  deforniation,  and  the  second  one  -  inversely 
ayiiiiaotrical  with  reupect  to  that  diametral  .-^c-jictrioal  area  of  the  shell  where  the  ori¬ 
gin  of  the  coordinates  is  situated*  *riacirelly  these  deforniations  can  be  considered 
as  independent  froia  each  other* 

Substituting  the  term  for  tlia  baitUne  of  the  shell  (6)  in  the  equation  of  deforma¬ 
tion  compatibility  (l)and  untiein.  the  remaining,  we  find  with  consideration  o''  tlr 
conditions  on  the  butt-ends  a  functiui  of  ■•vresses  in  su-’li  a  formi 


v/here 


mAr 
ra  =  1 


flcplaoinG  w  andy  rrepoctively  by  (6)  and  (7),  for  conplcte  ^'i.<;,eatial  energy 
(3  =  Up  +  Ug  +  U;,  +  T)  we  find 


'S€,c  P<if<S 


<P 
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-I /I*)*  + 

^  '  4/-  (m*  4  „•)•  + 

^  ill  2^  <«*  -  O'sin*  ^ 

,  nff,  m*  (m*  —  »/i*j»  „  , 

+ -y- si„.  ^  j  _  ^  ^  ^ 

^  ~  +  4^  "•  '■■  (Ci  «in  -  C.  CM  j'j  _ 

-{w  +  T-^^y  '  p 


55 


4*To  designate  the  critical  value  of  caapressive  strei-ises  wo  utilize  the  conaiiieii 

first/ 

of  ITl^ nH mim  of  the  potential  energy  of  the  system.  Bringing  th?l derivatives  of  tha 
potential  energy  (8)  down  to  zero*  by  the  paraineters  C]_  and  C2  we  will  obtain  two 


uq.uutionsi 


where 


(A  +  At)Ci  +  WC,  =  0  1 

//c,+(x+ ^)c,=o  r 


(V 


«/D 


rthlE 


1-1 

,  nEF,  /n‘(m*  —  v/i*)*  ,  ,  nw/  1  *A/_,. 

+  -sr  osrnft-  ""  -r  J-  -57  ” 


w 


<-l 


/-I 


.  /£f  m«(n*-vm‘)* 

+  4r*  (m»  -f  ny 

4r*  ^J' 

,  /££m«(/i*-vm»)* 

/fm*  ] 

1[4F'" 

2r»  (m*  H-  «*)* 

4r»  ^ 

/£f  m*(/i*-vm»)»  IFm*  _ 

f-l 


(li) 


(11a) 


(12) 


Since  the  diotancos  between  the  stringers  are  ido.rtical, then  the  oidinate  of  the 

2Ax 

i-stringer  equals  yi  =  k  (i-1).  U  ider  ;Tuch  u  coiidition  it  is  easy  to  shc\,’  that 

i:»n“fco,»-0  ,  (,3) 

■■oefficiGnt  11=  0,  Hie  s.-stom  of  equations  (5)  splits  into  tv.'o  independent  equations  1 

(X +>t,)C,-0  (14);  (^  +  /4,)C,  =  0.  (15) 

Equations  (I4)  oorresi  ond  to  the  sy  iiotrical,  and  equations  (15)  -  inversely 
aviiiotrical  form  of  deformation  (’.vith  respect  to  this  area  of  shell  r.yi-ir,ietry,is  situ¬ 
ated  tho  origin  of  the  coordinates). 
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Losaet  in  ahall  stability  eor..aafoad  to  the  change  from  aero  Talne  Cx  and  €2* 

In  this  way*  the  equations  to  designate  the  eritieal  stresses  of  condition  A  ♦  Ax  *  0  and 

A  ♦  A2  »  0. 

5«  The  general  ease  of  shell  defornatioft  during  loss  in  stability  resulting  in 
defomation,  at  which  the  riba  reinforcing  the  shell  beeose  aisultaneously  bent  and 
distorted.  The  corresponding  form  of  deformation  is  described  by  equations  (6),  be¬ 
cause  the  number  of  half-wsTes  along  the  ring  2n  will  not  be  a  multiple  to  the  number 
of  stringers  (2b^  nxk)»  and  the  number  of  balf  wares  along  the  shell  m  will  not  be  a 
multiple t  a)  at  ■  1^)  number  of  bulkheads,  inoreasad  by  the  uniy  (m  ^  n^kx  ^  1))| 
b)  at  lo  >  number  of  bulkheads  (  m  f  ^kx).  Under  such  conditions  it  ean  be 


shown,  that  the  sums,  which  are  included  in  terms  (10)-(12),pertain  to  t 


^  "  y  (16) 

/-I  /.I 


Sspressions  for  A,  Ax  and  A2  with  ineludion  of  (16}-(18)  is  equalised) 

.  ,  nhlE  m*  .  «B,  , 

4^  K +  4?  <»  -"*• + 

+  "»*  «*  (2ft.  -  ft.)  +  V  (m*  .  nr  **  “  17 


J  A  f  m 


4  .  //C  ...  /ef  m*(n*-vmV  /Fm*  J,  -.v 
+P"'’"’  +  ITT  -jSf+W'-T?*"'’  *■ 


TyT  i  ft.  ft.  +  1  npH  U  ">  L  xa  ft,  -  ft,  npH  • 

l*»re  k2*kx  ♦  1  at  1©  «  1^  and  k2  *  kx  at  Ig  >  ¥ 

Since  Ax  ■  A2.  then  in  the  general  ease  of  deformation  of  the  shell  the  lossM  in 
stability  from  (14)  and  (I5}  we  obtain  one  equation  for  the  desiiUMtion  of  critical 


stresses  I  A  Ax  >  0.  ^bstituting  instead  of  A  and  Ax  the  expressions  (I9)  and  (20) 
and  designating  from  the  obtained  equation  the  eritieal  longitudinal  stresses,  we 
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fioAt 


ItM 

Tyr 


+  Pj  (2*,  —  *»)  n*j  +  (I  +  ifAO,  +  Y,  *,  0,)| .  Ul) 


i  * 

/-j;. 


B  .  g  K 
2nrD  ’  ^  "  2nrD  '  ^ 


fli 

/D 


-  *-  •  B. »  -y  • 

in  •  r>  - 


F 

2rtrh 

Fx 


ID  '  ~  M 


« -  i!nl±.«V  .  ^  (n^mV  (m«-.vny 

m»  •  '  (m»  +  n*)*  *  "  (m*  +  n*)* 


Ui|) 


In  Meh  eoner«t«  mm  for  a  and  n  It  la  noeesMry  to  solaet  such  nunbors  (Into^Mls) 
which  eorraaponA  to  th«  iMat  Tain*  (21)« 

for  •  aholl  withont  riba  oc  formula  for  oriti— 

Ml  atraaaaa  baa  tha  fom  of 

« '*  Kt  r  /O  1 

I2(l^v*)  /o| 


(SA> 

» 


If  it  to  bo  eontidtrtd  at  a  eoatiimout  fuaetion  of  ^  tban  tha  aaallatt  valut 


in  axfraaaioa  C23)  will  ba  dariwad*  whM 


O-f  l/3(l-v*)  . 

In  thia  Maa  for  eritiMl  atraaaaa  wa  hara  tha  knoro  foraula  (for^‘|^»  P*4Q3) 


P«- 


Et 


C45> 


V  3(l-v*)  • 

6.  In  addition  to  tha  ganeral  Maa  of  ahall  dafornation,  whan  tha  atrizkgara  (riba) 
rainforeing  tha  ahall  band  and  diatort  aioultanaoualy  it  ia  naoaaaary  to  taka  into 
eonaidaration  othar  inatanaaa  of  ahall  dafoonoation  during  loaa  in  atability.  In  tha 
aa  indiTidnal  eaaaa  the  atringara  or  balkhMda  or  the  firat  and  tha  aacoad  togatkar 
only  band  or  baeoae  diatortad*  Such  forma  of  atability  loaaaa  are  daaeribad  by  fonau^ 
la  (6)»  if  for  m  and  n  are  taken  number  a  whieh  aatiafy  eartain  ratioa*  •  Aooapting, 
for  axampla.  for  the  half-waTaa  along  the  ringa  numbara  multiple  to  the  number  of 
atringara  (2n  ■  n^k)«  wa  obtain  a  form  of  dafonmtion»  at  which  tha  atringara  aithar 
band  (at  or  only  twiat  (at  C^«0}«  Such  individual  eaMa  of  deformation  of  MioUa 

may  ba  eight  (8)  in  toto  (table  1») 
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TABLE  1. 

1 .  Stringers  are  only  bent 

2.  Stringers  only  twisted 

3.  Bulkheads  only  bent* 

4.  Bulkheads  only  twisted 
3.  Stringers  only  bent 

Bulkheads  only  twisted 

6.  Stringers  and  bulkheads 
only  bent* 

7.  Stringers  and  bulkheads 
only  bent* 

8.  Stringers  and  bulkheads  only  twisted 

9.  Oenaral 

10.  Instanoes  of  deformation 

11,  Conditions  for  numbers  of  half-waves 


*This  type  of  deformation  is  possible  only  in  case  b),  when  1q  ■  ^b 


|0  •  ftMliaAMM 

aM  >'««.Ma«  .%  ibc  Ma*.  1 

7  •  CC4I 

*  1 

*  1  *•  1 

3ara;ibHiifl 

а)  mak/FiiCAj+l) 

б) 

2n^n^k 

l+t* 

’•*1  5ir~ +?i(2*,— 

T*®,+1,*,*« 

I.  CTpHNrCpH  TMbKH  sriiHaioTbca 

2n=n^k 

I+2t* 

2aUm* 

*l**»+7i*i®, 

ICrpKHrepH  TivibKH  3aKpy<iyioTbca 

а) mTim,(*,+  l) 

б) m1kln^k^ 

2n=/i,* 

n 

2,Un* 

•,*/-^a-+?,(2*,-*,)n* 

T»*a*» 

A.  UnaHroyTH  TivibKH  arHHaiOTbca  * 

2tl^lt^k 

l+T* 

(om*+?«*)* 

,  .  (**-!)* 

7*<^+*T,*,‘I», 

4.  UnaHroyTH  rinbKH  aanpysyioTbCH 

2n^n,k 

1  +  1* 

{am*+^*)k 

,,  *?,*,"* 

!*♦, 

1.  CTpHHrcpH  TinbKH  arHHaiOTbCN, 
■maHroyTH  TlnbKH  saapyiyioTbca 

а)  m=mi(*,+l) 

б)  mz=2m^k, 

2n=n,A 

• 

I+2l* 

2a4in* 

2l*®, 

A  CrpHHrcpH  TinbXH  aanpyHyiOTbcii. 
■naHroyTH  tinbKH  jniHanTbca  * 

*)  — 

li 

' 

29*n* 

-a_  * 

“,*,  5? 

*:,*,♦• 

7.  CTpHHrcpH  i  uinaHroyTii  Ti;ibKH 

arnnaioTbCR  * 

•)  — 

6)  m“(2(n|— 1)*, 

2n=tifk 

1+2t* 

2aAm* 

»(7»,+T,*,<I>,) 

A  CrpHHrcpH  i  lunaHroyrH  TlnaxH 
w^yiyioTbca 

а)  1) 

б)  ms2m|A| 

2n^nik 

1 

2^/1* 

2p,*.n* 

0 
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Offwing  M  teeurat*  eoaeiuaieaa  for  tho  iadlTiteal  ooaaa,  eoaalaaioBa  whlah  ara 
parfaetljr  atmilar  to  tha  one  giTan  abova  in  tha  gonaval  eaaa,  va  will  wrlta  tha  fonaila 
for  arltleal  atvaaaaa  In  fom  of 

PS  ! 

whara  tha  eoeffloiant  ^  t  wbleb  for  a  riUaaa  ahallt  aa  la  aTidant*  aqpwla  ^ 
for  tha  diaeuaaad  finnad  (ribbad)  ahalla  ara  dasignatad  bgr  foranla 


1 

1  -  — 
X 


in) 


Tha  aoaffloiaat :«  >•  Sx  and  Bg,  of  f ormla  (27)  ara  daaiipatad  in  aeafoonaltj  with 
with  tha  eaaa  of  daforaation  fron  tabla  1* 

Tha  nuatbara  of  half^wawaa  a  and  2n»  which  aatiafy  for  aaeh  eaaa  of  dafooraatiaa 
eartain  ration  (tabla  !)•  ara  aalaotad  ao»  thatd|  would  hawa  tha  aanllaat  walnaa. 

Aroai  9  poaaibla  aaaaa  af  daforaation  (ona  ganaral  and  alght  individual)  during  loaa 
in  atabilitif  wa  find  thia  eaaa  to  which  tha  lawaat  walua  of  eritieal  atraaaaa  eorraa 
panda. 

7*  Va  will  iavaatigata  tha  atabilitjr  of  eloaad  ajrlinrieal  ahalla  on  eonerata 
azaaplaa.  Va  will  eonaldar  at  firat  a  epllndrioal  ahall  (  r  ■  100  aa,  h  ■  0.4  ea)» 
which  ia  rainfaraad  onljr  hjr  loagitudinal  riba  (  B  «  33*3  1|  K  ■  50  ^  ”  6*98  an?)* 

laauaing  that  tha  Baiaaon  eoaffieiant  aqfoaln  v  *  0.1  wa  will  daai^uita  bgr  fonndaa  (22) 
the  ttfen  dinaaaioalaaa  paraaatara  of  tha  ahall  and  atringarat  t  ■  0.004i  9»06| 

5«83l'^*  0«0278|  gx  *|}i  *Yl  *  *  ahall.  in  addition  to  tha  ganaral 

eaaa  af  daforaation.  it  ia  naaaaaarjr  to  taka  under  conaidaration  two  individual  onaa  (tha 
firat  and  aaaoni  in  tabla  1). 

for  ahalla  of  three  langtha  at  diffarant  nuabar  of  rainforeing  riba  in  table  2 
ara  given  tha  lowaat  valuaa  of  tha  eoaffieiant^  .  which  eorraaponda  to  three  dia 
euaaad  aaaaa  of  daforaation  of  a  ahall  during  tha  loaa  in  atability.  The  lowaat  of 
tha  three  value  for  each  nuabar  of  riba  ia  deaignatad  in  thick  lattara.  Tor  each 
^  ara  givun  eorraaponding  nunbara  half-wavon  n  along  tha  ahall.  and  tha  nuhbar  of 
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WkTas  a  alcag  th«  riaf*  In  par«ntti«Ma  for  th«  pnrpoa*  of  oonqpariaoa  art  giToa  fho 

Talaoa . •oaleulatad  without  oonaldaratlon  of  the  Mobera  «  which  depend  upon  the 

eaarcf  along  the  deforaatioa  of  ribO(  i.a.  Baaibara  proportional  to  the  eoaffieiont  ^ 
in  foraala  (27)«  On  the  baais  of  aaalpaing  data,  glTon  in  table  2,  it  ia  poaaible  to 
make  the  following  eoaeluaiona* 

Ihe  eritioal  atroaaaa  (26)  fmr  a  ahell,  raiaforaad  oaljr  by  loagltudiaal  riba, 
dapead  upon  the  length  of  the  ahalliwith  an  iaaraaaa  ia  length  the  eoaffieiont  ij^aa 

a  ruin,  deereaaoa. 

In  the  ganeral  eaao  of  defenoation  with  a  riae  in  the  number  of  longitudinal 
riba  there  ia  alao  a  riae  in  tha  eritioal  atresaea.  Not  at  any  given  number  of  riba 
wo  do  hawe  the  the  genarl  form  of  atability  loaat  at  maall  twin  number  of  lengitadinal 
riba  the  eritioal  atreaaea,  which  eorreapond  to  the  individnal  form  of  deformation, 
at  whieh  the  ahell  reinforeing  riba  only  bend,  appear  to  be  amaller,  than  in  the  gen 
eral  eaae  of  deformationi  in  thia  oaee  tha  tranaformatian  from  unpaldod  to  tfreatar 
by  a  unit  of  a  paired  number  of  riba  ia  aeeemtaniad  by  a  eonaiderabla  raduetion  in 
eritioal  atreaaea,  for  a  great  nnmber  of  longitudinal  riba  (thia  number  dependa  upon 
the  length  of  the  ahell)  dpring  loaa  in  atability  we  have  the  general  form  of  defer 
motion,  beeauae  theae  forma  eorroapond  to  leant  eritioal  atreaaea, 

Sible  2,  /.  Caaea  of  deformation 

2,  Ganeral  _ inaiwldnal _ 

firat  S'.  Sooomd 


SEE  FAGS  9a  FOR  TABLE  2. 
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23 
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46 

23 
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VaiM*  of  th«  eo«ffiei«B!l  ^  •  ooleolatod  without  eoMldontlou  of  mmabteiB,  which 
depend  up<m  the  eaercjr  ot  loagitudinol  rib  defornotiou  in  nest  uafsTorable  eases  dif** 
for  bgr  Sines  ths  snsrcjr  nethoi  gives  s  hii^Mr  vnlne  sf  eritieol  stresses« 

then  it  is  permissible  fer  prsotiesl  eeleulations  to  utilise  ainplified  fenmles* 
which  hsTS  e  snail  flexure  in  direction  of  reduetiou* 

8*  let  us  a  syllndrieal  closed  shell  (r  ■  100  eni  1  ■  628  eni  h  »  0«4  cm)# 

reinf creed  bgr  24  longitudlnsl  ribs  end  a  different  nunbor  of  annular  ribs  (ki  ■  !•  2# 
3}«  Assuning  that  stringars  and  bulkheads  give  lateral  eross  section  sOt  as 
stringara  in  tha  forageii^  shall«  according  to  fonailas  (22)  we  dasiipiate  the  non-* 
dinanaional  paranetcra  of  the  bulkheads  icix  *  9*06| 

’  6x  *  3«?3l  'll  *  0»0278a  Sines  the  distanea  of  the  end  bulk 
heads  froa  the  frontal  diaphragM  is  aoual  to  the  distanse  batwean  the  bulkheads 
(1q  ■  1^),  then«  in  addition  to  the  general  ease  of  defomaticn*  it  is  naesasarx  ta 
take  into  consideration  also  five  individual  ones* 

In  table  3  are  listed  ths  lowest  walnas  of  the  eeeffielettt  »  which  correspand** 
to  six  inTcstigited  inataasss  of  shell  defcamation  during  loss  in  stability.  For  tha 
purpose  of  comparison  are  given  valaea  »  which  correspond  to  upper  critical  stroa>« 
aea«  designated  bgr  formulas  for  struetural-orthotropie  shells  (see  •page  476)* 

For  each7|  is  given  the  corresponding  nunber  of  half  waves  n  along  the  shell  and  niui** 
bars  of  waves  a  along  ths  circle* 

On  the  basis  of  analgrsing  data  *  given  in  table  3»  errive  at  a  conclusion* 
that  eritieal  streases*  calculated  bgr  fonailas  for  struetural-erthotropic  shslls« 
are  quite  elooa  *  to  aneh,wbieh  are  designated  for  the  general  ease  of  shell  defer— 
nation*  But  this  lowest  critical  stresses  nagr  eorrespond  net  to  the  general*  but  to 
one  of  the  individual  eases  of  shell  defomation  during  loss  in  stabilitgr*  Ihesa 

•  Critical  stresses*  calaulated  bgr  foraulas  for  structure 1-orthotropie  shell*  appear 
to  be  sonewhat  lower  than  tha  ones*  whose  fornulas  do  not  consider  the  resistance 
of  ribs  to  twisting* 
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l«vMt  orltloal  atTMMa  arc  v^ita  diffaraat  froa  tha  atraaaaa  of  tba  faaaral  eaaa 


(for  tha  ahall  undar  qiaaatioB  hy  40JC)« 

‘^abla  3.  (SEE  PASS  12  FOR  TABLE  3.) 

I.Caaaa  of  daforoatloa 
"Z.  OoBaral 


3. ladiaidual 


4  ORTBOroOPIC  SHELL 

In  this  way*  aasmlnatioa  of  tha  strtteturalljr*orthotropie  shall,  which  aada  it 
posaibla  to  ianrastigata  only  tha  gansral  eaaa  of  ahall  dafooraatloa,  at  which  tha 
riba  raiafarcing  tha  shall  band  and  twist  sinailtanaasalj,  aay  ba  inauffieisat  for 
ganaral  analysis  of  a  ribbad  shall  stability.  Tha  foraulas  suggastad  aboaa  allow, 
ia  addition  to  tha  ganaral,  to  anaaiaa  also  indiwidual  instanaas  of  daforaation  and 
dataraiaa  foras  of  daforaation,  to  which  least  oritieal  strassas  do  eorraspond, 

Idtaratwo 

1.  Tlaaow,  T.Z.  Oanaral  Thaory  of  Shalls  and  its  Applioation  in  Twehnology 
OXTIL,  Nosaow-Laninjprad,  1949* 

2.  TiiB08haalco,S.P.  Stability  of  Blastie  Bystans,  aiTTL,Moseow-Lanin0rad  1946. 

3.  Alaksandrorskly,  S,T,  On  tha  Stability  of  Cylindrieal  Shslls  at  fraatar  Bands, 
Collaetion  of  Raporta  *  Oaloulatixig  Spatial  Conatrootioas*  ad.ZIZ,  Stata  Bablieation 
of  Litaratnra  on  Constroetion  and  Arahitaatwa,  Moscow,  1955 
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